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ABSTRACT

Background and Objectives: bacterial resistance is an important public health problem
worldwide and is related to the indiscriminate use of antimicrobials, limiting the available
therapeutic options. The COVID-19 pandemic aggravated this scenario, since the lack of
a standardized therapy led to a considerable increase in the prescription of these drugs.
Therefore, we proposed to investigate the prevalence of bacterial infections and the
profile of antimicrobial resistance in patients diagnosed with COVID-19 as well as to
point out possible risk factors. Methods: a retrospective study based on the analysis of
medical records of patients hospitalized with COVID-19 over the age of 18. Information
such as age, gender, length of stay, hospitalization unit, bacterial species and resistance
profile and previous use of antimicrobials by patients diagnosed with COVID-19 were
collected and analyzed using Excel® 2016. Results: of the 268 patients with COVID-19,
162 had suspected bacterial infections, and 26 patients (9.7%) were confirmed from
positive cultures. Furthermore, around 80% of these patients underwent empirical
treatment with antimicrobials, the majority of whom were male and admitted to the
Intensive Care Unit. A total of 32 bacterial isolates were recovered, of which 59.4% were
resistant to at least one class of antimicrobials, with 21.8% being multidrug resistant.
Conclusion: despite the low percentage found of patients with COVID-19 who had
bacterial infections and of these 21.8% were by multidrug-resistant bacteria, the
reinforcement in infection prevention policies and the adequate management in the
release of antimicrobials is necessary to reduce the hospital dissemination rates of such
bacteria.

Descriptors: COVID-19; Bacterial Infections; Drug Resistance, Microbial; Cross
Infection.



INTRODUCTION

The COVID-19 pandemic, caused by SARS-CoV-2, was declared in March
2020 by the World Health Organization (WHO). During the second half of that same year,
the virus infected around 43 million people, with around 2 million dying worldwide
during this period. The global mortality rate showed a significant increase from March
11, 2020 to the end of May 2022, and more than 530 million of the world’s population
were affected, with around 6 million individuals dying. In Brazil, by October 2023, more
than 37 million confirmed cases and approximately 706,531 deaths had been recorded,
resulting in a fatality rate of 1.9%.!2

Although there is still no standardized drug therapy or prophylaxis to be used in
patients confirmed with COVID-19, there have constantly been prescriptions for drug
“kits” including antiparasitics and antimicrobials, such as-azithromycin, among others.>*
This approach, in addition to not having substantial scientific evidence regarding benefits
for patients, can contribute to the selection of resistant bacteria. Furthermore, the use of
antimicrobials has also been considered as a preventive treatment for secondary bacterial
infections in patients with COVID-19, whichmeeds to be assessed in each case.’

Critically ill patients require intensive care and, often, a prolonged period of
hospitalization, which can lead to the emergence of Healthcare-Associated Infections
(HAIs). In the case of patients with COVID-19, such infections represent one of the
complications caused mainly by bacteria that have antimicrobial resistance genes.> Still,
few data regarding the prevalence of bacterial infections in patients with COVID-19 are
found, and to date, it has been observed that rates can vary from 1 to 10% among patients
with COVID admitted to hospitals.’

Antimicrobial resistance is recognized as a global health issue, impacting the
success of HAI treatment, as around 2,000 people die every day worldwide due to
complications caused by these bacteria. Furthermore, the WHO estimates that the number
of annual deaths due to bacterial resistance will increase to around 10 million by 2050.8
Given this scenario, the present work proposed to investigate the prevalence of bacterial
infections and the antimicrobial resistance profile in patients diagnosed with COVID-19

as well as point out possible risk factors that may be associated.

METHODS



This is a retrospective observational study, based on analysis of medical records
of adult patients over 18 years old, who were hospitalized with COVID-19 from May
2020 to October 2021 and who presented secondary bacterial infections during the
hospitalization period.

The research was carried out in a tertiary hospital located in Vitéria, Espirito
Santo. It is a hospital with a highly complex surgical profile specializing in neurosurgery,
vascular and orthopedics. During the pandemic period, it did not act as a reference for
COVID-19, but provided care for patients with COVID, having a separate Intensive Care
Unit (ICU) for this purpose. Data analysis was carried out by collecting information from
the medical records of hospitalized patients who were over 18 years old, with.a diagnosis
of SARS-CoV-2 confirmed by molecular biology (PCR — SARS-CoV-2 positive) and
who During the hospitalization period, they presented a bacterial infection confirmed by
positive culture samples after being diagnosed with COVID. Patients who already had a
bacterial infection before the diagnosis of COVID-19, as well as those who, upon
suspicion of infection, had negative cultures, were excluded.

In the analysis, information such as age, gender, length of stay, hospitalization
unit, diagnosed bacterial infection, isolated bacteria, antimicrobial resistance profile and
previous use of antimicrobials of patients diagnosed with COVID-19 were collected. The
microbiology sector of the hospital’s laboratory uses manual methodology and
automation. The sector uses as a reference for criteria for interpreting cultures and
releasing infection diagnostic. reports as well as for carrying out antimicrobial
susceptibility testing, the criteria established by BrCast 2020 (Brazilian Committee on
Antimicrobial-Susceptibility)’ and the Brazilian National Health Regulatory Agency
(ANVISA -'Agéncia Nacional de Vigilancia Sanitaria) clinical microbiology manuals'®.
Tracheal aspirate cultures with counts equal to or greater than 106CFU/mL were
considered positive, and in the case of blood cultures with growth of coagulase-negative
Staphylococcus spp., those released with growth of an isolate of the same species in at
least two samples.

The collected data were analyzed descriptively and organized in a Microsoft
Excel® 2016 spreadsheet. The analyzes were represented by frequency, percentage and
means. The research project was previously approved in February 2022 by the Research
Ethics Committee of Centro Universitario Multivix, under Opinion 5.263.680 (CAAE
(Certificado de Apresentagdo para Apreciagdo Etica - Certificate of Presentation for

Ethical Consideration) 51597321.4.0000.5066). All stages of research were developed in



accordance with required ethical principles (Resolutions 466/2012, 510/2016 and
580/2018 of the Ministry of Health).

RESULTS

During the period assessed, 846 patients presented clinical respiratory symptoms
suspicious of SARS-CoV-2 infection, undergoing molecular testing for laboratory
diagnosis. Of these, 268 (31.68%) tested positive for the virus, 145 (54.1%) men and 123
(45.9%) women. Considering the group of patients with a confirmed diagnosis of
COVID-19, 162 (19.15%) had culture tests requested after the diagnosis of COVID-19
based on a suspected bacterial infection, according to the medical record. Only 26 (9.7%)
of patients with COVID-19 were positive for requested bacterial cultures. Of the 26
patients, 11 (42.3%) were admitted to care units (neurosurgery, stroke and vascular) and
15 (57.7%) were in ICUs. It is worth noting that the study hospital was not a reference
for receiving patients with COVID-19, however, during the pandemic period, there was
an increase in the number of ICU beds to accommodate patients who were unable to find
places at the reference institution.

Regarding gender, of the 26 patients, the majority were men (61.5%) and were
admitted to ICUs. The profile of the population participating in the study is shown in
Table 1:

Table 1. Epidemiological profile of patients diagnosed with COVID-19

Gender (n/%) Age group Mean age Mean ICU admission
(years) hospitalization
Male (16/61.5%) 48 - 85 58.6 17.5 days 62.50%
Female (10/38.5%) 39-41 62 14.2 days 50%

Of the 26 selected patients, 29 biological samples were collected, from which 32
bacterial species were isolated. More than 50% of the samples collected were
representative of bloodstream infections and urinary tract infections, and 17% were

isolated from respiratory samples.

Regarding the isolates, in the total cultures, there was a predominance of gram-
negative bacteria (65.6%), with around 43% of the total isolates belonging to the
enterobacteria group. Graph 1 shows the distribution of bacterial isolates identified in

different biological materials from patients.



Graph 1. Distribution in % of bacterial species identified from biological samples from patients with
COVID-19 who presented an infectious condition
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When correlating species by biological material, there was a predominance of
Klebsiella pneumoniae (37.50%) in the samples received. In blood cultures, growth was
observed mainly of Staphylococcus aureus (27.3%), eoagulase-negative Staphylococcus
spp. (27.3%) and Klebsiella pneumoniae (27.3). On the other hand, in tracheal secretion
samples, there was a predominance of . gram-negatives, with non-fermenters
(Acinetobacter spp., Stenotrophmonas spp. and Pseudomonas aeruginosa) making up a

total of 60% of respiratory isolates.

Regarding the resistance profile, of the 32 isolates, 13 (40%) were sensitive to
all antimicrobials tested and 7 (21.8%) were resistant to at least one representative in 3 or
more classes of antibiotics, being classified as multidrug resistant (MDR). It was observed
that, among gram-negative bacteria, 23.8% were producers of extended spectrum beta-
lactamase (ESBL) and 19% were resistant to carbapenems with phenotypically confirmed
carbapenemase production, namely: 1 K. pneumoniae, 2 P. aeruginosa AND 1 A
baumanii. Among gram-positive bacteria, 57.1% of Staphylococcus spp. were resistant
to oxacillin (methicillin-resistant Staphylococcus spp. - MRSA/MRS). Tables 2 and 3
show the resistance profile of the most frequent species isolated in the cultures of the

patients assessed.

Table 2. Percentage of antimicrobial resistance of the most common gram-negative isolates

ATB* Pseudomonas spp. K. pneumoniae

n=05 n=106




AMI 2 (40%) 0 (0%)

CAZ 5 (100%) 1 (16.67%)
cIp 2 (40%) 1 (16.67%)
CPM 2 (40%) 1 (16.67%)
CRO NT 1 (16.67%)
ERT NT 1 (16.67%)
GEN 0 (0%) 1 (16.67%)
MER 2 (40%) 1 (16.67%)
PPT 5 (100%) 1 (16.67%)
SUT 0 (0%) 0

IMI 3 (60%) 1 (16.67%)

* Antimicrobials: AMI - amikacin; AMX - amoxicillin-clavulanate; CAZ - ceftazidime; CFL -
cephalothin; CIP - ciprofloxacin; CPM - cefepime; CRO - ceftriaxone; ERT - ertapenem; GEN -
gentamicin; MER - meropenem; PPT - piperacillin/tazobactam; SUT - sulfamethoxazole/trimethoprim;
NT - not tested; n - number of bacterial isolates; % - percentage of resistance.

Source: author:

Table 3. Percentage of antimicrobial resistance of the most common/gram-positive isolates

ATB* Coagulase-negative Staphylococcus S. aureus
spp.
n=04 n=03

CIp 2 (50%) 2 (66.7%)
GEN 2 (50%) 1 (33.4%)
SUT 2 (50%) 0
OXA 2 (50%) 2 (66.7%)
CLI 1 (25%) 1 (33.4%)
ERY 4 (100%) 3 (100%)
LIN 0 0
RIF 1 (25%) 0

* Antimicrobials: CIP - ciprofloxacin; GEN - gentamicin; OXA - oxacillin; LIN - linezolid; ERY -
erythromycin; CLI - clindamycin; RIF - rifampicin; SUT - sulfamethoxazole/trimethoprim; n - number of
bacterial isolates; % - percentage of resistance.

Source: author.

It was observed that 22 (84.6%) of patients received preventive treatment with
antimicrobials during hospitalization, but before requesting bacterial culture tests. It is
worth mentioning that ten of these patients (45.4%) were infected with resistant bacteria.
Regarding the drugs used in empirical treatment, 13 (50%) received piperacillin-

tazobactam, ten (38.4%), vancomycin, and four (15.4%), clarithromycin.



DISCUSSION

Critically ill patients hospitalized with COVID-19 present an important risk of
developing bacterial infections of various microbiological types involving bacteria with
different resistance profiles.!!!? In the present study, a higher rate of bacterial infections
was observed in men admitted to ICUs. According to the Pan American Health
Organization (PAHO), one of the justifications for men being more prone to such
infections than women would be that, in general, the immune response developed against
the virus in women tends to be more effective and adaptive to the virus.!? Furthermore,
men tend to be less cautious about taking care to prevent virus infection.!%!> Moreover, it
is known that patients in ICUs, as they are more constantly subjected to invasive
procedures, also present a greater risk of infections associated with healthcare.!®

Our results corroborate other similar works. In a retrospective study carried out
in China, a prevalence of 6.8% of bacterial infection was identified in patients with
COVID-19, and of those affected, 66.7% were men.!ZIn another similar study carried out
in Italy, a prevalence of bacterial infections in male patients diagnosed with COVID-19
was also found to be 71.8%.!8

Different authors found a wide spectrum of hospital infections in patients with
COVID-19, the main ones being ventilator-associated pneumonia (VAP), bloodstream
infections and urinary infections.!*!* In the present study, bloodstream and urinary tract
infections were the most frequent. Different factors may contribute to such secondary
infections in patients infected with the SARS-CoV-2 virus. Immune compromise
resulting from COVID, associated with admission to ICUs, as well as invasive procedures
in these patients, such as the need for a bladder catheter, can facilitate bacterial interaction
and infection development.'!8-2

The prevalence of infections caused by gram-negative bacteria is common, since
the main bacteria associated with infection in the hospital environment belong to the
Enterobacterales family or the group of non-fermenting gram-negative bacilli. The most
prevalent bacteria in the present study (K. pneumoniae and P. aeruginosa) are frequently
found in the hospital environment and have the capacity to adapt to different
environments, colonizing the patients’ microbiota, or contaminating surfaces, and can
also be transmitted by contaminated hands.?’

The predominance of infections by gram-negative bacteria originating from

different sites was also found in other studies.!*?!-*> However, divergences were observed



in these percentages of distribution by biological site, when comparing our results with
other authors. A study carried out in India found a predominance of K. prneumoniae
isolates (44% of isolates) mainly in the respiratory tract.>* On the other hand, a study
carried out in New York found a predominance of S. aureus in 70% of isolates from the
bloodstream and respiratory secretions in patients infected with SARS-CoV-2.2* Another
work carried out in Wuhan on patients with COVID-19 who acquired secondary bacterial
infections identified that, of the 159 strains isolated, 85.5% were gram-negative bacteria,
with emphasis on A. baumannii and K. pneumoniae, more present in the respiratory tract
and in the blood.?

For P. aeruginosa isolates from the five strains, three (60%) showed phenotypic
resistance to carbapenems, while one isolate (16.7%) of K. pneumoniae was
multiresistant, with sensitivity only to sulfamethoxazole/trimethopim and‘amikacin. Our
results differ from those found by Li ef al. (2020), who-found 42.9% of P. aeruginosa
species resistant to carbapenems and 76.6% of K. pmeumoniae isolates resistant.'®
Furthermore, in a cohort study carried out on' COVID-19 patients with secondary
infections, resistance to carbapenems.was found in 94:5% of K. pneumoniae isolates
(n=256) isolated mainly from respiratory secretions.?’

As for Staphylococcus spp. isolates (n=07), the majority were isolated from
blood cultures, four (57.1%) showed resistance to oxacillin (MRSA), and, of these, two
isolates were S. aureus. Comparable results were found in similar work in China, where
around 50% of Staphylococcus spp. isolates were MRSA.>* On the other hand, in the most
serious scenario of the pandemic, in the city of Wuhan, it was observed that methicillin
resistance was presentin 100% of S. aureus isolates from patients with COVID-19.7

It was observed that 84.6% of patients assessed were previously using
antimicrobials, i.e., they used these antimicrobials without the diagnosis of bacterial
infection confirmed by culture. The practice of prescribing antibiotics for individuals with
COVID-19 proved to be quite common during the pandemic in several countries, despite
the lack of proof of their effectiveness against the virus. For instance, from March to
October 2020 alone, around 80% of COVID-19 patients hospitalized worldwide received
at least one antibiotic. However, the literature shows that in around 15% of cases
antibiotic therapy was actually necessary, once they had a confirmed diagnosis of true
bacterial infection. Several studies have already demonstrated that the selective pressures
of such drugs can also contribute to the selection of bacteria resistant to existing

treatments.8-26-27



A hospital in Napoli, Italy, when assessing 32 hospitalized patients diagnosed
with SARS-CoV-2 and bacterial infections, observed that 78% of these patients had
previously received antimicrobials, with piperacillin/tazobactam administered to

37.5%.'8 Meanwhile, a study identified that 97% of patients hospitalized for COVID-19

received empiric antibiotic therapy upon admission, of which 46% had bacterial infection
due to carbapenem-resistant enterobacteria.?®

In the present study, 45.4% of patients were infected with resistant bacteria. In
correlation with the number of bacterial isolates, 21.8% of them were MDR. In Brazil, in
2019, the Instituto Oswaldo Cruz laboratory received more than 1,000 isolates of resistant
bacteria from public service laboratories in several states in the country in the pre-
pandemic period. In the following two years, the number of samples tripled.?! These facts
reinforce that antibiotic resistance is irreversible, as it develops in a hospital environment,
where there are several favorable factors for bacteria to acquire this profile.

Among the limitations of this study, there was a lack of information records in
some patients’ medical records as well as the ‘presence of patients diagnosed with
COVID-19 only through the rapid test; reducing the sample size, which also limited a
better assessment of risk factors. However, being a descriptive analysis, data comparison

was possible and could contribute to other studies on the topic covered.

Secondary bacterial infections in patients with COVID-19 represent a challenge
for public health, and/the present study highlights the reality of the high use of
antimicrobials in these patients (80%). The literature is clear in establishing a relationship
between the indiscriminate use of antimicrobials and antimicrobial resistance, which has
seen a considerable increase during the pandemic. The prevalence of bacterial infections
found, although low, is significant, as it mainly affects vulnerable patients. The fact that
21.8% of isolated bacteria are multi-resistant shows the importance of maintaining
prevention policies and programs as well as the appropriate use of antimicrobials in
hospitals, which are essential measures to reduce the spread and control of such

infections.
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